to the working capacity and not only allows individuals to maintain their social status but also affects the sense of future certainty, 19 which has been shown to represent an additional prognostic value for death risk stratification in unresectable GBM. 19 Numerous factors come into play in the socio-economic analysis of GBM patients, and the parameters to consider are multifactorial. Cognitive and functional deficits and the direct effects of chemoradiotherapy could impact differently the ability to return to work, depending on the socio-professional category of the patient, as well as the socio-cultural context and specific health care system of each country. We aimed to evaluate the rate of patients resuming their employment and assess the factors related to work capacity in GBM patients.
Methods
We performed a single-center, retrospective cohort study of all working-age GBM patients who were referred to and underwent follow-up at the neurosurgical department of Pierre Wertheimer Neurological Hospital in Lyon, France, between January 2012 and December 2015.
To avoid bias due to early retirement, we included all patients younger than 59 years at diagnosis. All patients, who were referred to different oncological centers immediately after surgical treatment or diagnosis were excluded. Exclusion criteria also included unemployed patients and full-time students.
Follow-up information was obtained from periodic visits to our neuro-oncological clinic, and data were derived from our oncological and neurosurgical database and case notes. The date of diagnosis was recorded as the time of initial surgery, and all patients had histological confirmation of GBM, whether on biopsy or resection. Clinical and radiological information was registered and obtained at diagnosis; after surgery; and at 6, 12, 18, and 24 months.
The database included comorbidities, presenting clinical signs and symptoms, radiological features, the type of surgery (biopsy vs resection) and extent of surgical removal (gross-total vs subtotal/partial removal), and surgeryrelated complications.
When available, the extent of resection was analyzed on postoperative T1-weighted gadolinium-enhanced MRI and deemed partial if the residual lesion was > 10 cm 3 and subtotal if < 10 cm 3 . In the absence of a postoperative MRI study, the extent of resection was inferred from the operative protocol. Information regarding performance status, current treatment, and employment was recorded at every time point. Performance status at baseline and follow-up was assessed according to the Karnofsky Performance Status scale (KPS).
Employment was defined as an employed or self-employed job and categorized according to the French socioprofessional groups. The ability to return to work was recorded at every time point (no return to work vs part-time activity, less than 80% of contractual working hours vs full-time activity). The exact date (month and day) related to the resumption of work, as well as its precise duration, was not precisely reported and could only be estimated with an error of about 30-45 days corresponding to the maximum time gap between one consultation and another. When recorded, reasons for not returning to work were reported.
Employment was analyzed in relation to demographic and clinical data, specific time-point performance status, socio-professional category, radiological features, and type and quality of resection.
Statistical Analysis
Categorical variables are expressed as number and percentage. Quantitative variables are expressed as the mean ± standard deviation when the distribution was normal or median and minimum and maximum when the distribution was not normal. The hypothesis of the normal distribution of quantitative variables was tested using the Kolmogorov-Smirnov test and graphically confirmed with a histogram. Categorical variables were compared using the chi-square test or Fisher's exact test when the conditions of application of chi-square test were not met. Quantitative variables were compared between groups using the nonparametric Wilcoxon signed-rank test. The statistical test is bilateral, and the level of significance was set to 5% (p < 0.05). Statistical analyses were conducted using SAS (version 9.4, SAS Institute Inc.). Due to the limited sample size no multivariate analysis was carried out.
Results

Patient Characteristics
One The frontal lobe appeared to be the most frequent location (31.2%), followed by the occipital (28%), parietal (18.4%), and temporal (2.4%) lobes. In 16.8% of cases the lesion was either localized in the deep brain or involved it; 4 patients presented with a primary brainstem lesion. A midline infiltration across the corpus callosum or involving the brainstem was present in 18.4% of patients, with 6.4% presenting with hydrocephalus as the first clinical manifestation. Resection was performed in 67 patients (53.6%), and a gross-total removal was attained in 39 (58.2%) of cases. A biopsy was performed in 58 patients (46.4%).
Twenty-one (16.8%) patients experienced at least one surgery-related complication, which included new or worsening focal neurological deficit (10.4%), intraparenchymal hemorrhage (4.8%), surgical site infections (3.2%) needing removal of bone flap and long-term antibiotic therapy, hydrocephalus (1.6%) requiring a ventriculoperitoneal shunt, and pulmonary embolism (1.6%) without hemodynamic instability.
Sixteen patients (12.8%) underwent a second surgery for local recurrence with a mean delay of 20.2 weeks (range 8-64 weeks) from the first surgery. Molecular characterization was performed and available in 123 patients (98.4%); 7 patients (5.7%) were found with IDH mutations, and methylation of the MGMT promoter was detected in 48 (40.7%) patients. The median follow-up was 20.7 months (range 0.6-60.1 months), and the median overall survival was 22.9 months.
Employment Status
Definite data regarding the resumption of work activity and professional category was available for all patients (Tables 1 and 2 ). The majority of patients, 89.6%, had an employed job and only 10.4% were self-employed; all worked full time. According to the French socio-professional groups, the patients in our cohort had an intermediary profession in 33.6% of cases, followed by workers (20%); executive employees and intellectual professions (19.2%); employees (19.2%); and artisans, craftsmen, merchants, and managing directors (8%).
Of the patients who were alive at 6, 12, 18, and 24 months after diagnosis, 8.7%, 13.8%, 15.3%, and 28.2%, respectively, were working. Overall, of the 115 patients alive 6 months after diagnosis, 21 (18.3%) went back to their previous jobs, most on a part-time basis (61.9%), for an estimated average period of 12 months.
Factors involved in not returning to work were reported for 110 patients (88%) and included the presence of significant treatment-related symptoms (36.2%), disease-related symptoms or neurological deficits (27.5%), neuropsychological impairment (15.7%), a very poor functional status (7.8%), clinical progression (7.8%), personal preference (2.9%), and welfare benefits (2%) (Fig. 1) . Table 3 shows the characteristics of patients returning to work and those not returning to work within the cohort of patients alive at 6 months after diagnosis. Patients resuming their previous employment had a significant difference in terms of mean age (45.9 vs 49.1 years; p = 0.03) and rate of major comorbidities (p = 0.02).
Univariate Analysis
We observed a significant difference between the two groups regarding the distribution of socio-professional groups, with a higher rate of patients going back to work in the higher occupation categories (p = 0.02) (Fig. 2) . No significant difference was observed between employed and self-employed jobs (p = 0.25). Returning to work was strongly associated with the performance status before and after surgery (p = 0.002), with patients going back to work having a better performance score.
The distribution of the molecular characteristics between the two groups did not show a significant difference (p = 0.61 and p = 0.81 for IDH mutations and MGMT methylation, respectively).
We found a statistically significant difference in the type of surgery and resection quality between the two groups, with a higher rate of gross-total removal (p = 0.04) in the group that returned to work. The distribution of the performance values of the general population showed a progressive decline, unlike the group of patients going back to work, which showed a slight improvement at the end of the radiochemotherapy and remained stable during the observation period (Fig. 3) .
No statistically significant differences were found regarding radiological features (location, laterality, midline invasion, and presence of hydrocephalus) and the occurrence of complications after surgery.
Oncological treatment consisted of temozolomide radiochemotherapy in most patients (94%) ( Table 1) , and there was no significant difference between the type of first-line oncological treatment in patients who returned to work and those who did not (Table 3) .
Discussion
GBM diagnosis and treatment has a significant socioprofessional impact, with only a minority of patients being able to continue or resume their previous employment. 5, 7 In our cohort, of the 125 patients who were working before their diagnosis, only 18.8% went back to work, most on a part-time basis. Gzell et al. 7 are the only authors so far to have directly addressed and analyzed return to work in a large representative cohort of GBM patients. They reported a prospective case series of 71 GBM patients who were working before diagnosis and treated with radiotherapy and chemotherapy with a mean follow-up of 15.5 months. They assessed data at 6 and 12 months after radiotherapy and found that 28% and 27% went back to work at the two time points. They found that baseline performance status and the presence of a neurological deficit was strongly associated with the ability to resume professional activity. Although these data differ from our results (9% at 6 months and 14.1% at 12 months in our series vs 28% and 27% respectively in the series of Gzell) the two populations cannot be readily compared. The representation of the occupations varies between the two populations, with 20% of patients in manual labor in our cohort compared with only 7% in Gzell and colleagues' population.
Giovagnoli 5 explored the quality of life in a case-control study of patients with stable disease after concomitant radiotherapy and chemotherapy for malignant brain tumors. They showed that 73% of patients resumed their previous occupations. However, in their series, only 14% of patients had GBM, and they were highly selected according to their selection criteria of stable disease, excluding patients with seriously focal and cognitive impairment.
Mandonnet et al. 15 reported a consecutive series of 25 patients undergoing awake surgery for glioma. Of the 13 GBM patients included in their series, 11 benefited from a complete resection without new permanent motor or language deficits, and 7 were able to resume their job. However, this study also represents a selected subgroup of patients and may hardly reflect the population of GBM patients.
Other studies 12, 20 have shown that between 44% and 60% of glioma patients were able to continue their previous employment; however, the sample size was very small (13 patients in the study of Schmidinger et al. 20 ), and GBM patients represented a minority of the population (20% in the study of Kleinberg et al. 12 ). Although many studies tend to associate different glial tumors in functional analysis, it is undeniable that the different aggressiveness and development of gliomas have a different impact on functional and return to work outcomes in each group. Concerning anaplastic gliomas, Habets et al. 8 evaluated HRQOL and cognitive functioning in 32 of 37 long-term survivors with anaplastic glioma included in European Organization for Research and Treatment of Cancer study. They showed that 41% of progression-free patients were able to resume their work and 81% could live independently.
The longer median overall survival of the patients in our study (22.9 months) stems from the fact that this study sample is a selective population.
There is no doubt that the increased incidence of GBM and the improvement in the treatment outcome will result in a higher prevalence of survivors, 12 but the HRQOL and functional outcome of these patients has so far been the subject of only a few studies. 4, 5, 7, 13, 15, 16, 19, 20 Paquette et al. 19 identified future uncertainty in unresectable GBMs as an independent predictor factor for OS, which was in line with financial worries. The ability to provide for one's economic self-sustenance not only impacts a person's socioeconomic quality of life but also affects the sense of future certainty and influences his or her self-worth and can be considered as a parameter of social reintegration. 3, 14 Cancer survivors have been shown to be 1.37 times more likely to be unemployed, and a large meta-analysis showed that the highest risk for unemployment was among survivors of nervous system cancer (relative risk 1.78).
1 GBM patients face a significant burden of tumor-and treatment-related symptoms and long-term survivors of high-grade gliomas often encounter a progressive neurological deterioration, psychological distress, personality changes, and neuropsychological impairment. 9, 18 The impact of cognitive dysfunction on the capability of resuming professional ability is of utmost importance, and it appears to be the main reason in almost 16% of patients in our series. Neuropsychological testing has also demonstrated that more than 50% of long-term GBM survivors face a significant cognitive decline even in the absence of symptoms. 11, 21, 22 This suggests that the implications of treatment in cognitive decline also play a significant role and may adversely lead to increased fatigue in the short term and cognitive dysfunction in the long term. 6 Fatigue appears to be the most significant symptom facing patients during the concomitant radiotherapy and chemotherapy. In our series, fatigue and treatment-related symptoms were the main reasons for not going back to work for 36% of patients.
As shown in the comparative analysis, both groups demonstrated a slight decline in their performance in correlation with the chemotherapy treatment period, and subsequently the two curves diverge.
There is no doubt that the ability to continue the previous employment depends on multiple variables, including physical demands of the job and patient's expectations and job involvement. In our series, we have found a significant difference in the distinct socio-professional groups with patients returning to work in the higher-occupation categories, and manual or physically demanding work was negatively associated with the ability to return to work (38.1% vs 4.8%).
Although we showed that gross-total removal was significantly associated with the ability to return to work compared with biopsy, this finding should be evaluated in a larger multivariate cohort analysis to assess its causal relationship. As a matter of fact, this factor is subject to the limitation imposed by a selection bias of patients who undergo biopsy based on factors such as larger tumor size, multifocality, surgically inaccessible locations, and poorer functional status, and the fact that the amount of resection is associated with survival, and prolonged survival is possibly related to returning to work.
Our data confirm that younger age, lack of associated comorbidities, and better performance status are associated with a greater proportion of patients resuming their professional activity.
Although tumor location was not found to be related to work activity, this finding must be interpreted with caution due to the multiplicity of location and the difficulty of statistically representing the numerous combinations with each precise functional region and laterality. It is intuitive that defining tumor location based on brain lobes expresses a topographical simplification that does not take into account the different functional areas of each cerebral lobe. It appears obvious that localization in an eloquent zone might be related to a lower functional state and orient the diagnostic gesture to a biopsy.
Beyond some intuitive conclusions, the exact socioeconomic impact of malignant brain tumor is far from being precisely assessed. Even though we have previously emphasized the importance of the social and economic health context, we have not been able to refine the results according to the income and social security cover due to the lack of such data.
Being a retrospective review, data related to reasons for not returning to work were available only in 88% of patients and are purely descriptive. The critical analysis of reason for not returning to work should be assessed in a prospective way, and its interpretation should be related to the social and economic health context.
Although this study has limitations related to its retrospective observational nature, which is associated with several methodological drawbacks common to retrospective data, we provided data on the return to work in the largest cohort of working-age GBM patients published to date.
Conclusions
The representation of the various professional categories in our series better outlines the socio-professional impact of this pathology and provides a representative picture of reality when it comes to a specific functional outcome such as employment following chemoradiotherapy for GBM.
